All data are available from <http://opr.princeton.edu/archive/ws/>.

Introduction {#sec001}
============

In the social sciences, there is a longstanding tension between data collection methods that facilitate quantification and those that are open to unanticipated information. For example, one can contrast a traditional public opinion survey based on a series of pre-written questions and answers with an interview in which respondents are free to speak in their own words. The tension between these approaches derives, in part, from the strengths of each: open approaches (e.g., interviews) enable us to learn new and unexpected information, while closed approaches (e.g., surveys) tend to be more cost-effective and easier to analyze. Fortunately, advances in technology now enable new, hybrid approaches that combine the benefits of each. Drawing inspiration both from online information aggregation systems like Wikipedia and from traditional survey research, we propose a new class of research instruments called *wiki surveys*. Just as Wikipedia grows and improves over time based on contributions from participants, we envision an evolving survey driven by contributions from respondents.

Although the tension between open and closed approaches to data collection is currently most evident in disagreements between proponents of quantitative and qualitative methods, the trade-off between open and closed survey questions was also particularly contentious in the early days of survey research \[[@pone.0123483.ref001]--[@pone.0123483.ref003]\]. Although closed survey questions, in which respondents choose from a series of pre-written answer choices, have come to dominate the field, this is not because they have been proven superior for measurement. Rather, the dominance of closed questions is largely based on practical considerations: having a fixed set of responses dramatically simplifies data analysis \[[@pone.0123483.ref004]\].

The dominance of closed questions, however, has led to some missed opportunities, as open approaches may provide insights that closed methods cannot \[[@pone.0123483.ref004]--[@pone.0123483.ref008]\]. For example, in one study, researchers conducted a split-ballot test of an open and closed form of a question about what people value in jobs \[[@pone.0123483.ref005]\]. When asked in closed form, virtually all respondents provided one of the five researcher-created answer choices. But, when asked in open form, nearly 60% of respondents provided a new answer that fell outside the original five choices. In some situations, these unanticipated answers can be the most valuable, but they are not easily collected with closed questions. Because respondents tend to confine their responses to the choices offered \[[@pone.0123483.ref009]\], researchers who construct all the possible choices necessarily constrain what can be learned.

Projects that depend on crowdsourcing and user-generated content, such as Wikipedia, suggest an alternative approach. What if a survey could be constructed by respondents themselves? Such a survey could produce clear, quantifiable results at a reasonable cost, while minimizing the degree to which researchers must impose their pre-existing knowledge and biases on the data collection process. We see wiki surveys as an initial step toward this possibility.

Wiki surveys are intended to serve as a complement to, not a replacement for, traditional closed and open methods. In some settings, traditional methods will be preferable, but in others we expect that wiki surveys may produce new insights. The field of survey research has always evolved in response to new opportunities created by changes in technology and society \[[@pone.0123483.ref010]--[@pone.0123483.ref016]\], and we see this research as part of that longstanding evolution.

In this paper, we develop three general principles that underlie wiki surveys: they should be greedy, collaborative, and adaptive. Building on these principles, we develop methods for data collection and data analysis for one type of wiki survey, a pairwise wiki survey. Using two proof-of-concept case studies involving our free and open-source website [www.allourideas.org](http://www.allourideas.org), we show that pairwise wiki surveys can yield insights that would be difficult to obtain with other methods. The paper concludes with a discussion of the limitations of this work and possibilities for future research.

Wiki surveys {#sec002}
============

Online information aggregation projects, of which Wikipedia is an exemplar, can inspire new directions in survey research. These projects, which are built from crowdsourced, user-generated content, tend to share certain properties that are not characteristic of traditional surveys \[[@pone.0123483.ref017]--[@pone.0123483.ref020]\]. These properties guide our development of wiki surveys. In particular, we propose that wiki surveys should follow three general principles: they should be *greedy*, *collaborative*, and *adaptive*.

Greediness {#sec003}
----------

Traditional surveys attempt to collect a fixed amount of information from each respondent; respondents who want to contribute less than one questionnaire's worth of information are considered problematic, and respondents who want to contribute more are prohibited from doing so. This contrasts sharply with successful information aggregation projects on the Internet, which collect as much or as little information as each participant is willing to provide. Such a structure typically results in highly unequal levels of contribution: when contributors are plotted in rank order, the distributions tend to show a small number of heavy contributors---the "fat head"---and a large number of light contributors---the "long tail" \[[@pone.0123483.ref021], [@pone.0123483.ref022]\] ([Fig 1](#pone.0123483.g001){ref-type="fig"}). For example, the number of edits to Wikipedia per editor roughly follows a power-law distribution with an exponent 2 \[[@pone.0123483.ref022]\]. If Wikipedia were to allow 10 and only 10 edits per editor---akin to a survey that requires respondents to complete one and only one form---it would exclude about 95% of the edits contributed. As such, traditional surveys potentially leave enormous amounts of information from the "fat head" and "long tail" uncollected. Wiki surveys, then, should be *greedy* in the sense that they should capture as much or as little information as a respondent is willing to provide.

![Schematic of rank order plot of contributions to successful online information aggregation projects.\
These systems can handle both heavy contributors ("the fat head"), shown on the left side of the plot, and light contributors ("the long tail"), shows on the right side of the plot. Traditional survey methods utilize information from neither the "fat head" nor the "long tail" and thus leave huge amounts of information uncollected.](pone.0123483.g001){#pone.0123483.g001}

Collaborativeness {#sec004}
-----------------

In traditional surveys, the questions and answer choices are typically written by researchers rather than respondents. In contrast, wiki surveys should be *collaborative* in that they are open to new information contributed directly by respondents that may not have been anticipated by the researcher, as often happens during an interview. Crucially, unlike a traditional "other" box in a survey, this new information would then be presented to future respondents for evaluation. In this way, a wiki survey bears some resemblance to a focus group in which participants can respond to the contributions of others \[[@pone.0123483.ref023], [@pone.0123483.ref024]\]. Thus, just as a community collaboratively writes and edits Wikipedia, the content of a wiki survey should be partially created by its respondents. This approach to collaborative survey construction resembles some forms of survey pre-testing \[[@pone.0123483.ref025]\]. However, rather than thinking of pre-testing as a phase distinct from the actual data collection, in wiki surveys the collaboration process continues throughout data collection.

Adaptivity {#sec005}
----------

Traditional surveys are static: survey questions, their order, and their possible answers are determined before data collection begins and do not evolve as more is learned about the parameters of interest. This static approach, while easier to implement, does not maximize the amount that can be learned from each respondent. Wiki surveys, therefore, should be *adaptive* in the sense that the instrument is continually optimized to elicit the most useful information, given what is already known. In other words, while collaborativeness involves being open to new information, adaptivity involves using the information that has already been gathered more efficiently. In the context of wiki surveys, adaptivity is particularly important given that respondents can provide different amounts of information (due to greediness) and that some answer choices are newer than others (due to collaborativeness). Like greediness and collaborativeness, adaptivity increases the complexity of data analysis. However, research in related areas \[[@pone.0123483.ref026]--[@pone.0123483.ref033]\] suggests that gains in efficiency from adaptivity can more than offset the cost of added complexity.

Pairwise Wiki Surveys {#sec006}
=====================

Building on previous work \[[@pone.0123483.ref034]--[@pone.0123483.ref040]\], we operationalize these three principles into what we call a *pairwise wiki survey*. A pairwise wiki survey consists of a single question with many possible answer items. Respondents can participate in a pairwise wiki survey in two ways: first, they can make pairwise comparisons between items (i.e., respondents vote between item A and item B), and second, they can add new items that are then presented to future respondents.

Pairwise comparison, which has a long history in the social sciences \[[@pone.0123483.ref041]\], is an ideal question format for wiki surveys because it is amenable to the three criteria described above. Pairwise comparison can be *greedy* because the instrument can easily present as many (or as few) prompts as each respondent is willing to answer. New items contributed by respondents can easily be integrated into the choice sets of future respondents, enabling the instrument to be *collaborative*. Finally, pairwise comparison can be *adaptive* because the pairs to be presented can be selected to maximize learning given previous responses. These properties exist because pairwise comparisons are both granular and modular; that is, the unit of contribution is small and can be readily aggregated \[[@pone.0123483.ref017]\].

Pairwise comparison also has several practical benefits. First, pairwise comparison makes manipulation, or "gaming," of results difficult because respondents cannot choose which pairs they will see; instead, this choice is made by the instrument. Thus, when there is a large number of possible items, a respondent would have to respond many times in order to be presented with the item that she wishes to "vote up" (or "vote down") \[[@pone.0123483.ref042]\]. Second, pairwise comparison requires respondents to prioritize items---that is, because the respondent must select one of two discrete answer choices from each pair, she is prevented from simply saying that she likes (or dislikes) every option equally strongly. This feature is particularly valuable in policy and planning contexts, in which finite resources make prioritization of ideas necessary. Finally, responding to a series of pairwise comparisons is reasonably enjoyable, a common characteristic of many successful web-based social research projects \[[@pone.0123483.ref043], [@pone.0123483.ref044]\].

Data collection {#sec007}
---------------

In order to collect pairwise wiki survey data, we created the free and open-source website All Our Ideas ([www.allourideas.org](http://www.allourideas.org)), which enables anyone to create their own pairwise wiki survey. To date, about 6,000 pairwise wiki surveys have been created that include about 300,000 items and 7 million responses. By providing this service online, we are able to collect a tremendous amount of data about how pairwise wiki surveys work in practice, and our steady stream of users provides a natural testbed for further methodological research.

The data collection process in a pairwise wiki survey is illustrated by a project conducted by the New York City Mayor's Office of Long-Term Planning and Sustainability in order to integrate residents' ideas into PlaNYC 2030, New York's citywide sustainability plan. The City has typically held public meetings and small focus groups to obtain feedback from the public. By using a pairwise wiki survey, the Mayor's Office sought to broaden the dialogue to include input from residents who do not traditionally attend public meetings. To begin the process, the Mayor's Office generated a list of 25 ideas based on their previous outreach (e.g., "Require all big buildings to make certain energy efficiency upgrades," "Teach kids about green issues as part of school curriculum").

Using these 25 ideas as "seeds," the Mayor's Office created a pairwise wiki survey with the question "Which do you think is a better idea for creating a greener, greater New York City?" Respondents were presented with a pair of ideas (e.g., "Open schoolyards across the city as public playgrounds" and "Increase targeted tree plantings in neighborhoods with high asthma rates"), and asked to choose between them (see [Fig 2](#pone.0123483.g002){ref-type="fig"}). After choosing, respondents were immediately presented with another randomly selected pair of ideas (the process for choosing the pairs is described in [S1 Text](#pone.0123483.s001){ref-type="supplementary-material"}). Respondents were able to continue contributing information about their preferences for as long as they wished by either voting or choosing "I can't decide." Crucially, at any point, respondents were able to contribute their own ideas, which---pending approval by the wiki survey creator---became part of the pool of ideas to be presented to others. Respondents were also able to view the popularity of the ideas at any time, making the process transparent. However, by decoupling the processes of voting and viewing the results---which occur on distinct screens (see [Fig 2](#pone.0123483.g002){ref-type="fig"})---the site prevents a respondent from having immediate information about the opinions of others when she responds, which minimizes the risk of social influence and information cascades \[[@pone.0123483.ref043], [@pone.0123483.ref045]--[@pone.0123483.ref048]\].

![Response and results interfaces at [www.allourideas.org](http://www.allourideas.org).\
This example is from a pairwise wiki survey created by the New York City Mayor's Office to learn about residents' ideas about how to make New York "greener and greater."](pone.0123483.g002){#pone.0123483.g002}

The Mayor's Office launched its pairwise wiki survey in October 2010 in conjunction with a series of community meetings to obtain resident feedback. The effort was publicized at meetings in all five boroughs of the city and via social media. Over about four months, 1,436 respondents contributed 31,893 responses and 464 ideas to the pairwise wiki survey.

Data analysis {#sec008}
-------------

Given this data collection process, we analyze data from a pairwise wiki survey in two main steps ([Fig 3](#pone.0123483.g003){ref-type="fig"}). First, we use responses to estimate the opinion matrix **Θ** that includes an estimate of how much each respondent values each item. Next, we summarize the opinion matrix to produce a score for each item that estimates the probability that it will beat a randomly chosen item for a randomly chosen respondent. Because this analysis is modular, either step---estimation or summarization---could be improved independently.

![Summary of data analysis plan.\
We use responses to estimate the opinion matrix **Θ** and then we summarize the opinion matrix with the scores of each item.](pone.0123483.g003){#pone.0123483.g003}

### Estimating the opinion matrix {#sec009}

The analysis begins with a set of pairwise comparison responses that are nested within respondents. For example, [Fig 3](#pone.0123483.g003){ref-type="fig"} shows five hypothetical responses from two respondents. These responses are used to estimate the opinion matrix $$\begin{array}{r}
{\Theta = \begin{bmatrix}
\theta_{1,1} & \theta_{1,2} & \ldots & \theta_{1,K} \\
\theta_{2,1} & \theta_{2,2} & \ldots & \theta_{2,K} \\
 \vdots & \vdots & \ddots & \vdots \\
\theta_{J,1} & \theta_{J,2} & \ldots & \theta_{J,K} \\
\end{bmatrix}} \\
\end{array}$$ which has one row for each respondent and one column for each item, where *θ* ~*j*,\ *k*~ is the amount that respondent *j* values item *k* (or more generally, the amount that respondent *j* believes item *k* answers the question being asked). In the New York City example described above, *θ* ~*j*,\ *k*~ could be the amount that a specific respondent values the idea "Open schoolyards across the city as public playgrounds."

Three features of the response data complicate the process of estimating the opinion matrix **Θ**. First, because the wiki survey is greedy, we have an unequal number of responses from each respondent. Second, because the wiki survey is collaborative, there are some items that can never be presented to some respondents. For example, if respondent *j* contributed an item, then none of the previous respondents could have seen that item. Collectively, the greediness and the collaborativeness mean that in practice we often have to estimate a respondent's value for an item that she has never encountered. The third problem is that responses are in the form of pairwise comparisons, which means that we can only observe a respondent's relative preference between two items, not her absolute feeling about either item.

In order to address these three challenges, we propose a statistical model that assumes that respondents' responses reflect their relative preferences between items (i.e., the Thurstone-Mosteller model \[[@pone.0123483.ref041], [@pone.0123483.ref049], [@pone.0123483.ref050]\]) and that the distribution of preferences across respondents for each item follows a normal distribution; see [S2 Text](#pone.0123483.s002){ref-type="supplementary-material"} for more information. Given these assumptions and weakly informative priors, we can perform Bayesian inference to estimate the *θ* ~*j*,\ *k*~'s that are most consistent with the responses that we observe and the assumptions that we have made. One important feature of this modeling strategy is that for those who contribute many responses, we can better estimate their row in the opinion matrix, and for those who contribute fewer responses, we have to rely more on the pooling of information from other respondents (i.e., imputation). The specific functional forms that we assume (see [S2 Text](#pone.0123483.s002){ref-type="supplementary-material"}) result in the following posterior distribution, which resembles a hierarchical probit model: $$\begin{matrix}
{p\left( {\theta,\mu \mid \mathbf{Y},\mathbf{X},\sigma,\mu_{\mathbf{0}},\tau_{\mathbf{0}}^{\mathbf{2}}} \right)} & \propto & {\underset{i = 1}{\overset{V}{\prod^{}}}\Phi\left( {\mathbf{x}_{i}^{T}\theta} \right)^{y_{i}}{(1 - \Phi\left( {\mathbf{x}_{i}^{T}\theta} \right))}^{1 - y_{i}} \times \underset{j = 1}{\overset{J}{\prod^{}}}\underset{k = 1}{\overset{K}{\prod^{}}}N\left( {\theta_{j,k} \mid \mu_{k},\sigma} \right)} \\
 & & {\times \underset{k = 1}{\overset{K}{\prod^{}}}N\left( {\mu_{k} \mid \mu_{0{\lbrack k\rbrack}},\tau_{0{\lbrack k\rbrack}}^{2}} \right)} \\
\end{matrix}$$ where ***X*** is an appropriately constructed design matrix, ***Y*** is an appropriately constructed outcome vector, ***μ*** = *μ* ~1~...*μ* ~*K*~ represents the mean appeal of each item, and ***μ*** ~0~ = *μ* ~0\[1\]~...*μ* ~0\[*K*\]~ and $\tau_{0}^{2} = \tau_{0\lbrack 1\rbrack}^{2}\ldots\tau_{0\lbrack K\rbrack}^{2}$ are parameters to the priors for mean appeal of each item (***μ***).

This statistical model is just one of many possible approaches to estimating the opinion matrix from the response data, and we hope that future research will develop improved approaches. In [S2 Text](#pone.0123483.s002){ref-type="supplementary-material"}, we fully derive the model, discuss situations in which our modeling assumptions might not hold, and describe the Gibbs sampling approach that we use to make repeated draws from the posterior distribution. Computer code to make these draws was written in `R` \[[@pone.0123483.ref051]\] and utilized the following packages: `plyr` \[[@pone.0123483.ref052]\], `multicore` \[[@pone.0123483.ref053]\], `bigmemory` \[[@pone.0123483.ref054]\], `truncnorm` \[[@pone.0123483.ref055]\], `testthat` \[[@pone.0123483.ref056]\], `Matrix` \[[@pone.0123483.ref057]\], and `matrixStats` \[[@pone.0123483.ref058]\].

### Summarizing opinion matrix {#sec010}

Once estimated, the opinion matrix **Θ** may include hundreds of thousands of parameters ---there are often thousands of respondents and hundreds of items---that are measured on a non-intuitive scale. Therefore, the second step of our analysis is to summarize the opinion matrix **Θ** in order to make it more interpretable. The ideal summary of the opinion matrix will likely vary from setting to setting, but our preferred summary statistic is what we call the score of each item, ${\hat{s}}_{i}$, which is the estimated chance that it will beat a randomly chosen item for a randomly chosen respondent. That is, $$\begin{array}{r}
{{\hat{s}}_{i} = \frac{\sum_{j = 1}^{J}\sum_{k \neq i}\Phi\left( {\hat{\theta}}_{j,i} - {\hat{\theta}}_{j,k} \right)}{J \times \left( K - 1 \right)} \times 100} \\
\end{array}$$

The minimum score is 0 for an item that is always expected to lose, and the maximum score is 100 for an item that is always expected to win. For example, a score of 50 for the idea "Open schoolyards across the city as public playgrounds" means that we estimate it is equally likely to win or lose when compared to a randomly selected idea for a randomly selected respondent. To construct 95% posterior intervals around the estimated scores, we use the *t* posterior draws of the opinion matrix (**Θ** ^(1)^,**Θ** ^(2)^, ..., **Θ** ^(*t*)^) to calculate *t* posterior draws of ***s*** (${\hat{\textit{\textbf{s}}}}^{(1)},{\hat{\textit{\textbf{s}}}}^{(2)},\ldots,{\hat{\textit{\textbf{s}}}}^{(t)}$). From these draws, we calculate the 95% posterior intervals around ${\hat{s}}_{i}$ by findings values *a* and *b* such that $Pr({\hat{s}}_{i} > a) = 0.025$ and $Pr({\hat{s}}_{i} < b) = 0.025$ \[[@pone.0123483.ref059]\].

We chose to conduct a two-step analysis process---estimating and then summarizing the opinion matrix, **Θ**---rather than estimating the scores directly for three reasons. First, we believe that making the opinion matrix, **Θ**, an explicit target of inference underscores the possible heterogeneity of preferences among respondents. Second, by estimating the opinion matrix as an intermediate step, our approach can be extended to cases in which co-variates are added at the level of the respondent (e.g., gender, age, income, etc.) or at the level of the item (e.g., about the economy, about the environment, etc.). Finally, although we are currently most interested in the score as a summary statistic, there are many possible summaries of the opinion matrix that could be important, and by estimating **Θ** we enable future researchers to choose other summaries that may be important in their setting (e.g., which items cluster together such that people who value one item in the cluster tend to value other items in the cluster?). We return to some possible improvements, extensions, and generalizations in the Discussion.

Case studies {#sec011}
============

To show how pairwise wiki surveys operate in practice, in this section we describe two case studies in which the All Our Ideas platform was used for collecting and prioritizing community ideas for policymaking: New York City's PlaNYC 2030 and the Organisation for Economic Co-operation and Development (OECD)'s "Raise Your Hand" initiative. As described previously, the New York City Mayor's Office conducted a wiki survey in order to integrate residents' ideas into the 2011 update to the City's long-term sustainability plan. The wiki survey asked residents to contribute their ideas about how to create "a greener, greater New York City" and to vote on the ideas of others. The OECD's wiki survey was created in preparation for an Education Ministerial Meeting and an Education Policy Forum on "Investing in Skills for the 21st Century." The OECD sought to bring fresh ideas from the public to these events in a democratic, transparent, and bottom-up way by seeking input from education stakeholders located around the globe. To accomplish these goals, the OECD created a wiki survey to allow respondents to contribute and vote on ideas about "the most important action we need to take in education today."

We assisted the New York City Mayor's Office and the OECD in the process of setting up their wiki surveys, and spoke with officials of both institutions multiple times over the course of survey administration. We also conducted qualitative interviews with officials from both groups at the conclusion of survey data collection in order to better understand how the wiki surveys worked in practice, contextualize the results, and get a better sense of whether the use of a wiki survey enabled the groups to obtain information that might have been difficult to obtain via other data collection methods. Unfortunately, logistical considerations prevented either group from using a probabilistic sampling design. Therefore, we can only draw inferences about respondents, who should not be considered a random sample from some larger population. However, wiki surveys can be used in conjunction with probabilistic sampling designs, and we will return to the issue of sampling in the Discussion.

Quantitative results {#sec012}
--------------------

The pairwise wiki surveys conducted by the New York City Mayor's Office and the OECD had similar patterns of respondent participation. In the PlaNYC wiki survey, 1,436 respondents contributed 31,893 responses, and in the OECD wiki survey 1,668 respondents contributed 28,852 responses. Further, respondents contributed a substantial number of new ideas (464 for PlaNYC, and 534 for OECD). Of these contributed ideas, those that the wiki survey creators deemed inappropriate or duplicative were not activated. In the end, the number of ideas under consideration was dramatically expanded. For PlaNYC the number of active ideas in the wiki survey increased from 25 to 269, a 10-fold increase, and for the OECD from 60 to 285, a 5-fold increase ([Fig 4](#pone.0123483.g004){ref-type="fig"}).

![Cumulative number of activated ideas for PlaNYC \[A\] and OECD \[B\].\
The PlaNYC wiki survey ran from October 7, 2010 to January 30, 2011. The OECD wiki survey ran from September 15, 2010 to October 15, 2010. In both cases the pool of ideas grew over time as respondents contributed to the wiki survey. PlaNYC had 25 seed ideas and 464 user-contributed ideas, 244 of which the Mayor's Office activated. The OECD had 60 seed ideas (6 of which it deactivated during the course of the survey), and 534 user-contributed ideas, 231 of which it activated. In both cases, ideas that were deemed inappropriate or duplicative were not activated.](pone.0123483.g004){#pone.0123483.g004}

Within each survey, the level of respondent contribution varied widely, in terms of both number of responses and number of ideas contributed, as we expected given the greedy nature of the wiki survey. In both cases, the distributions of both responses and contributed ideas contained "fat heads" and "long tails" (see [Fig 5](#pone.0123483.g005){ref-type="fig"}). If the wiki surveys captured only a fixed amount of information per respondent---as opposed to capturing all levels of effort---a significant amount of information would have been lost. For instance, if we only accepted the first 10 responses per respondent and discarded all respondents with fewer than 10 responses, approximately 75% of the responses in each survey would have been discarded. Further, if we were to limit the number of ideas contributed to one per respondent, as is typical in surveys with one and only one "other box," we would have excluded a significant number of new ideas: nearly half of the user-contributed ideas in the PlaNYC survey and about 40% in the OECD survey.

![Distribution of contribution per respondent for PlaNYC \[A\] and OECD \[B\].\
Both the number of responses per respondent and the number of ideas contributed per respondent show a "fat head" and a "long tail." Note that the scales on the figures are different.](pone.0123483.g005){#pone.0123483.g005}

In both cases, many of the highest-scoring ideas were contributed by respondents. For PlaNYC, 8 of the top 10 ideas were contributed by users, as were 7 of the top 10 ideas for the OECD ([Fig 6](#pone.0123483.g006){ref-type="fig"}). These high-scoring user-contributed ideas highlight a strength of pairwise relative wiki surveys relative to both surveys and interviews. With a survey, it would have been difficult to learn about these new user-contributed ideas, and with an interview it would have been difficult to empirically assess the support that respondents have for them.

![Ten highest-scoring ideas for PlanNYC \[A\] and OECD \[B\].\
Ideas that were contributed by respondents are printed in a bold/italic font and marked by closed circles; seed ideas are printed in a standard font and marked by open circles. In the case of PlaNYC, 8 of the 10 highest-scoring ideas were contributed by respondents. In the case of the OECD, 7 of the 10 highest-scoring ideas were contributed by respondents. Horizontal lines show 95% posterior intervals.](pone.0123483.g006){#pone.0123483.g006}

Building on these specific results, we can begin to formulate a general model that describes the situations in which many of the top scoring items will be contributed by respondents. Three mathematical factors determine the extent to which an idea generation process will produce extreme outcomes (i.e., high scoring ideas): the number of ideas, the mean of ideas' scores, and the variance of ideas' scores \[[@pone.0123483.ref060]\]. In both of these case studies, there were many more user-contributed ideas than seed ideas, and they had higher variance in scores ([Fig 7](#pone.0123483.g007){ref-type="fig"}). These two features---volume and variance---ensured that many of the highest-scoring ideas were contributed by respondents, even though these ideas had a lower mean score than the seed ideas. Thus, in settings in which researchers seek to discover the highest-scoring ideas, the high variance and high volume of user-contributed ideas make them a likely source of these extreme outcomes.

![Distribution of scores of seed ideas and user-contributed ideas for PlaNYC \[A\] and OECD \[B\].\
In both cases, some of the lowest-scoring ideas were user-contributed, but critically, some of the highest-scoring ideas were also user-contributed. In general, the large number of user-contributed ideas, combined with their high variance, means that they typically include some extremely popular ideas. Posterior intervals for each estimate are not shown.](pone.0123483.g007){#pone.0123483.g007}

Qualitative results {#sec013}
-------------------

Because user-contributed ideas that score well are likely to be of interest---in fact, they highlight the value of the collaborativeness of wiki surveys---we sought to understand more about these items by conducting interviews with the creators of the PlaNYC and OECD wiki surveys. Based on these interviews, as well as interviews with six other wiki survey creators, we identified two general categories of high-scoring user-contributed ideas: *novel information*---that is, substantively new ideas that were not anticipated by the wiki survey creators---and *alternative framings*---that is, new and resonant ways of expressing existing ideas.

Some high-scoring user-contributed ideas contained information that was novel to the wiki survey creator. For example, in the PlaNYC context, the Mayor's Office reported that user-contributed ideas were sometimes able to bridge multiple policy arenas (or "silos") that might have been more difficult connections to make for office staff working within a specific arena. For instance, consider the high-scoring user-contributed idea "plug ships into electricity grid so they don't idle in port---reducing emissions equivalent to 12000 cars per ship." The Mayor's Office suggested that staff may not have prioritized such an idea internally (it did not appear on the Mayor's Office's list of seed ideas), even though the idea's high score suggested public support for this policy goal: "\[T\]his relates to two areas. So plugging ships into electricity grid, so that's one, in terms of energy and sourcing energy. And it relates to freight. \[Question: Okay, which are two separate silos?\] Correct, so freight is something that we're looking closer at. ... And emissions, reducing emissions, is something that's an overall goal of the plan. ... So this has a lot of value to it for us to learn from" (interview with Ibrahim Abdul-Matin, New York City Mayor's Office, December 12, 2010).

Other user-contributed ideas suggested alternative framings for existing ideas. For instance, the creators of the OECD wiki survey noted that high-scoring, user-contributed ideas like "Teach to think, not to regurgitate" "wouldn't be formulated in such a way \[by the OECD\]. ... \[I\]t's very un-OECD-speak, which we liked" (interview with Julie Harris, OECD, February 3, 2011). More generally, OECD staff noted that "what for me has been most interesting is that ... those top priorities \[are\] very much couched in the language of principles\[. ...\] It's sort of constitutional language" (interview with Joanne Caddy, OECD, February 15, 2011). PlaNYC's wiki survey creators also described the importance of user-contributed ideas being expressed in unexpected ways. The top-scoring idea in PlaNYC's wiki survey, contributed by a respondent, was "Keep NYC's drinking water clean by banning fracking in NYC's watershed"; Mayor's Office staff indicated that the office would have used more general language about protecting the watershed, rather than referencing fracking explicitly: "\[W\]e talk about it differently. We'll say, 'protect the watershed.' We don't say, 'protect the watershed from fracking'" (interview with Ibrahim Abdul-Matin, New York City Mayor's Office, December 12, 2010).

Taken together, these two case studies suggest that pairwise wiki surveys can provide information that is difficult, if not impossible, to gather from more traditional surveys or interviews. This unique information comes from high-scoring user-contributed ideas, and may involve both the content of the ideas and the language used to frame them.

Discussion {#sec014}
==========

In this paper we propose a new class of data collection instruments called *wiki surveys*. By combining insights from traditional survey research and projects such as Wikipedia, we propose three general principles that all wiki surveys should satisfy: they should be greedy, collaborative, and adaptive. Designing an instrument that satisfies those three criteria introduces a number of challenges for data collection and data analysis, which we attempt to resolve in the form of a pairwise wiki survey. Through two case studies we show that pairwise wiki surveys can enable data collection that would be difficult with other methods. Moving beyond these proof-of-concept case studies to a fuller understanding of the strengths and weaknesses of pairwise wiki surveys, in particular, and wiki surveys, in general, will require substantial additional research.

One next step for improving our understanding of the measurement properties of pairwise wiki surveys would be additional studies to assess the consistency and validity of responses. Consistency could be assessed by measuring the extent to which respondents provide identical responses to the same pair and provide transitive responses to a series of pairs. Assessing validity would be more difficult, however, because wiki surveys tend to measure subjective states, such as attitudes, for which gold-standard measures rarely exist \[[@pone.0123483.ref061]\]. Despite the inherent difficulty of validating measures of subjective states, there are several approaches that could lead to increased confidence in the validity of pairwise wiki surveys \[[@pone.0123483.ref062]\]. First, studies could be done to assess discriminant validity by measuring the extent to which groups of respondents who are thought to have different preferences produce different wiki survey results. Second, construct validity could be assessed by measuring the extent to which responses for items that we believe to be similar are in fact similar. Third, studies could assess predictive validity by measuring the ability of results from pairwise wiki surveys to predict the future behavior of respondents. Finally, the results of pairwise wiki surveys could be compared to data collected through other quantitative and qualitative methodologies.

Another area for future research about pairwise wiki surveys is improving the statistical methods used to estimate the opinion matrix---either by choosing pairs more efficiently or developing more flexible statistical models. First, one could develop algorithms that would choose pairs so as to maximize the amount learned from each respondent. However, maximizing the amount of information per response \[[@pone.0123483.ref063]--[@pone.0123483.ref065]\] may not maximize the amount of information per respondent, which is determined by both the information per response and the number of responses provided by the respondent \[[@pone.0123483.ref066]\]. That is, an algorithm that chooses very informative pairs from a statistical perspective might not be effective if people do not enjoy responding to those kinds of pairs. Thus, algorithms could be developed to address both maximization of information per pair and to encourage participation by, for example, choosing pairs to which respondents enjoy responding. In addition to choosing pairs more efficiently, we believe that substantial progress can be made by developing more flexible and general statistical models for estimating the opinion matrix from a set of responses. For example, the statistical model we propose could be extended to include co-variates at the level of the respondent (e.g., age, gender, level of education, etc.) and at the level of the item (e.g., phrase structure, item topic, etc.). Another modeling improvement would involve creating more flexible assumptions about the distributions of opinions among respondents. These methodological improvements could be assessed by their robustness and their ability to improve the prediction of future responses (e.g., \[[@pone.0123483.ref067]\]).

Another important next step is to combine pairwise wiki surveys with probabilistic sampling methods, something that was logistically impossible in our case studies. If one thinks of survey research as a combination of sampling and interacting with respondents \[[@pone.0123483.ref068]\], then pairwise wiki surveys should be considered a new way of interacting with respondents, not a new way of sampling. However, pairwise wiki surveys can be naturally combined with a variety of different sampling designs. For example, researchers wishing to employ pairwise wiki surveys with a nationally representative sample can make use of commercially available online panels \[[@pone.0123483.ref069], [@pone.0123483.ref070]\]. Further, researchers wishing to study more specific groups---e.g., workers in a firm or residents in a city---could draw their own probability samples from administrative records.

Given the significant amount of work that remains to be done, we have taken a number of concrete steps to facilitate the future development of pairwise wiki surveys. First, we have made it easy for other researchers to create and host their own pairwise wiki surveys at [www.allourideas.org](http://www.allourideas.org). Further, the website enables researchers to download detailed data from their survey which can be analyzed in any way that researchers find appropriate. Finally, we have made all of the code that powers [www.allourideas.org](http://www.allourideas.org) available open-source so that anyone can modify and improve it. We hope that these concrete steps will stimulate the development of pairwise wiki surveys. Further, we hope that other researchers will create different types of wiki surveys, particularly wiki surveys in which respondents themselves help to generate the questions \[[@pone.0123483.ref071], [@pone.0123483.ref072]\]. We expect that the development of wiki surveys will lead to new and powerful forms of open and quantifiable data collection.
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